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^ (54) Title: BLEND OF VISCOSITY MODIFIER AND LUMINESCENT COMPOUND 
O 

O (57) Abstract: The present invention relates to a composition comprising a blend of a luminescent polymer and a low molecular 
^ weight (<5000 amo) viscosity modifier, which has an emission maximum in the range of 350-480 nm, contains no exocycHc doable 

bonds, and modifies the viscosity of the polymer without substantially altering emissive properties of the neat polymer. Modification 
^ of viscosity without concomitant modification of emissive properties is desirable where the polymer is already toned to emit at the 

desired wavelength. 1 



2st Available CopY 



WO 2004/106458 



PCT/US2004/015505 



BLEND OP VISCOSITY MODIFIER AND LUMINESCENT COMPOUND. 

The present invention relates to a blend of a viscosity modifier and a luminescent 

compound. 

Luminescent polymers find use in a number of applications including roll-to-ioll, ' 
5 screen, and ink jet printing spin, dip, and spray coating; and "doctor blading." While all 
of these applications may require materials that emit at particular wavelengths, they often 
widely differ in their viscosity requirements. Thus, an emitting luminescent polymer that 
is useful in both roll-to-roll and Inkjet applications may require a high viscosity (100 cps) 
for the former application and a relatively low viscosity for the latter (10 cps). . 

10 Viscosity modification of luminescent polymers is known. For example, in U.S. 

Patent 6,372,1 54, Li describes the use of low molecular weight functional additives to 
adjust the viscosity of luminescent inks (L-inks) that contain viscous luminescent 
polymers. These functional additives are described as possessing electron-transporting 
properties or hole-transporting properties that can be used to modify the charge 
15 transporting abilities of the L-ink in addition to viscosity modificatioa However, it may 
. be desirable to modify the viscosity of luminescent polymers without changing charge 
transporting properties, which may euiv^ly afl^Ught-enrittingpmpalies. Thus, if the 
luminescent polymer inherently emits at a desired wavelength, it would be 
disadvantageous to use a modifier that reduces viscosity but concomitantly shifts the 
20 . luminescent emission maximum of the blend to a wavelength substantially different from 
the optimal wavelength. Accordingly, it would be advantageous in the art of viscosity 
; modification of luminescent polymers to discover modifiers that allow tuning of viscosity 
without substantially altering emissive properties of the neat polymers \. 

The present invention addresses the deficiencies in the art by providing a 
25 composition comprising a blend of a) a luminescent polymer having a weigjht average 
molecular weight (M w ) of at least 20,000 and b) a viscosity modifier that I) is asolidat 
room temperature; 2) has a of less than 5000; 3) has .a luminescent emission maximum 
. in the range of 350 to 480 nm; and 4) does not substantially diminish charge transporting 
properties of the combination of the modifier and the polymer, and 5) contains no 
30 exocyclic conjugated double bonds; wherein the modifier and its concentration in the 
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blend are selected so that the blend exhibits a luminescent emission maximum that is 
within 20 nm of the luminescent emission maximum of the polymer alone. 

The blend of the claimed invention provides a way to tune viscosity without 
substantially altering the luminescent emission mavirrmTT) of the neat polymer. This effect 
5 is particularly advantageous where the neat polymer already possesses optimal luminescent 
emissive properties. 

The present invention is a composition that is a blend of a luminescent polymer 
and a viscosity modifier. The luminescent polymer can be any polymer that is luminescent 
under UV radiation or under a suitable electric field bias. Preferably, the polymer is 

10 luminescent under an electric field bias, that is, it is electroluminescent Examples of 
luminescent polymers include those that contain structural units of: 9,9-disubstituted 
fluorenes including 9,9-diaIkjdfluorenes, 9j9Kfiaiylfluoren.es, and 9,9-araliylfluorenes;; 9- 
substituted fluorenes such as spirofluorcnes; phenylenes including 2,5-dialkoxyphenylene 
and 2,5-diaIkylphenylene;.phenylenevinylenes including 2-methoxyl-5-(2*- 

15 ethylhexyl)phenylenevmy^ 2-silyM,4~ 
phenyienevinylene, 2,5^silyl-l,4-phenylenevinyiene and 2,5-dialkyi-l,4- 
phenyienevinyiene; thiophenes; 3-alkylthiophenes; thiophenevinylenes; pyrroles; 
acetylenes; diacetylenes; aniline; N-vinylcarbazx>Ie, arid combinatioi^ thereof As used 
herein, the term, "structural unit" refers to the remnant of the compound after it undergoes 

20 polymerization. Thus,astnicti^umtofafr^^^ 
structure: 




25 



Preferred luminescent polymers contain structural units of a 9,9-disubstituted 
fluprene that is polymerized through the 2 and 7. carbon atoms, which structural unit is 
represented by the following structure: 
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R R _ ' 

structural unit of 9,9-disubstituted fluorene 

where each R is independently alkyl, alkoxy, aryl, aryloxy, or araflcyl; preferably, C1-C20 
alky), Ci-C 2 (ralkoxy, substituted or unsubstituted phenyl, biphenyl, naphihalenyl, anthryi, 
5 phenanthryl, fhienyl, or fiiranyl; and more preferably C4-C12 alkyl, C^Ca-alkoxy, or 
substituted or unsubstituted phenyl or biphenyl. 

The electroluminescent polymer more preferably contains structural units of a 
9,9-disubstituted fluorene and structural units of at least one other comonomer. Examples 
of polymers containing structural units of a 9,9-disubstituted fluorene and other 
10 comonomers can be found in U.S. Patents 5,708,130; 5,777,070; 6,169,163; and 
6,363,083. 

Examples of suitable comonomers include polymerizable substituted and 
unsubstituted thiophenes, dithiophenes, benzodiathiazoles, oxazoles, oxadiazoles, 
benzoxazoles, dibenzoftuans, benzothiophenes, dibenrothiophenes, dibenzosiloles, 
1 5 benzidines including N^^'N'-tetcaaiylbenzidines, diaiylamines, triarylamines, benzenes, 
biphenylenes, naphthalenes, anthracenes, phenanthrenes, styrenes, quinolines, and 
stilbenes. More preferred comonomers include benzidines, dithiophenes, and 
benzothiadiazoles. 

The viscosity modifier that is used to make the blend is solid at room temperature. 

20 It has a weight average molecular weight (M w ) of less than 5000, preferably less than -2000 
and a polydispersity of preferably less than 1.2, more preferably less than 1.1, most 
preferably 1 .0. The luminescent emission maximum of the modifier is not greater than 
480 nm and not less than 350 nm> more preferably not less than 400 nm. Consequently, 
the modifier has a wider band gap between the highest occupied molecular orbital 

25 (HOMO) and the lowest unoccupied molecular orbital (LXJMO) than that of the emitting 
chromophore of the .electroluminescent polymer. It is believed that this comparatively . . 
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wide modifier band gap results in a substantial absence of shifting of luminescent emission 
mayvrrmm of the blend as compared to the polymer. 

The modifier is selected so as not to substantially dimii^lx <Aarge tan^orting 
properties of the combination of the modifier and the polymer because such modifiers tend 
5 to adversely affect the efficiency of the luminescent material. Examples of modifiers with 
" such an adverse tendency are those that ccmtam heteroatomsmthd 
pairs of electrons such as N, O, and S atoms with delocalked unshared pairs of electrons. 
Thus, di-naphthaleo^l-yM^ (a-NPA), which contains two. 

nitrogen atoms with delocalized unshared pairs of electrons, would not be a suitable 
10 modifier for the luminescent polymer. 

The modifier is also selected so as not to contain exocyclic, that is, it contains no 
non-aromatic, conjugated double bonds because such compounds tend to oxidi2se readily. 
: Thus, U,4^4e^henyl-U-butadi . .. 

the luminescent compound 

15 Furthermore, the selection of modifier and its concentration in the bleiid are such . . 

that the blend exhibits a luminescent emission maximum that iswithin 20 am, preferably 
within 10 nm, more preferably within 5 nm, and most preferably within 1 nm of the 
luminescent emission maximum of the polymer alone. Preferably, the weight percent 
concentration of the modifier based on the weight of the modifier and the luminescent 

20 polymer is at least 1 weight percent, more preferably at least 5 weight percent, and most 
preferably at least 1 0 vreight percent; and preferably less than 60 weight percent, more 
preferably less than 50 weight percent, and most preferably less than 30 weight percent . 

Examples of preferred modifiers are substituted and unsubstituted fluorene and 
blends thereof; fluorene oligomers such as mono-, bis-, and tris-9^-disubstituted fluorenes 
25 and blends thereof; fiuorenylidenes and blends thereof; and trifluorenylbenzenes and . 
blends thereof An example of a tris-9,9-disub 
following structure: 
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where R is previously defined 

. The tris-9,9-disubstituted fluorene can be prepared, for example, by a Suzuki 
coupling reaction as shown: 




Br ■ + 





Similarly, trifluorenylbenzenes can prepared by reacting a tthromobeira^ 
the 2-(l,3 ^Tdioxaborioan-2-yI)-9,9-dibutylfluorene. Preferred trifluorenylbenzenes 
include l,3,5-tri(9,9~disubstituteffl^ 

An example of a bifluorei^l-substituted bifluqrenyUdene is illustrated by the 
10 following structure: 



s 
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5 . where R is as previously defined, preferably each R is independently C^n-alkyl, more 
preferably CrC^alkyL •* 

. The luminescent polymer and the viscosity modifier are advantageously combined 
with a sufficient amount of solvent to make an ink. Hie amount of solvent varies 
depending upon the solvent itself and the application, but is generally.used at a 
1 0 concentration of at least 80 weight percent, more preferably at least 90 weight percent, and 
most preferably at least 95 weight percent, based, on the wd^t .of the lmrdaiesceot 
polymer, the modifier, and the solvent 
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Examples of suitable solvents for the polymer and the modifier include benzene; 
mono-, di- and.trialkylbenzenes including xylenes, mesitylene, toluene, fl-propylbenzene, 
ra-butylbeazene, ?i-pentylbenzene, «-hexylbenzene, cyclohexylbenzene, diethylbenzene, 
dodecyibenzeae, and n-pentylbenzene; forans including tetrahydro&ran sad 2,3- 
5 beaizofuran; tetralin (tetrahydronaphthalene); curnene; cis-and /rans-deealin 

(decahydronapbthalene); durene; chlorofonn; limonene; alkoxybsnzenes including 
anisole, and methyl apisoles; alkyl benzoates including methyl benzoate; .biphenyls 
. inclu ding isopropyl biphenyl; pyrrolidinones including cyclohexylpyirolidinone; 
imidazoles including dimethylimidazolinone; and combinations thereof. More preferred 
10 . solvents include toluene, cyclohexylbenzene, xylenes, mesitylene, tetralin, methyl . 
benzoate, isopropyl biphenyl, and anisole, and combinations thereof 

In a typical application, the ink formulation can be deposited on a substrate such as 
indium-tin-oxide (TTO) glass having a hole transporting material disposed thereon. The 
solvent is then evaporated, whereupon the ink forms a thin amorphous film of the viscosity 
1 5 modified luminescent polymer. Significantly, the presence of the viscosity modifier 
provides a way to tune viscosity without affecting the critical property of film thickness. 
The film is used as an active layer in an organic light-emitting diode (OLED), which can 
be used to make self-eipissive flat panel displays. 

Hie following examples are for illustrative purposes only and is not intended to 
20 limit the scope of the inventioa 

Examples 1-4 - Preparation of Formulation of a Viscosity Modified Polymer 

A. Preparation of l^,5-Tris(9,9-dibutylfluorenyl)benzene 

1,3,5-Tribromobenzene^ 
dibutylfluorene (12,10 g 34.72 mmol),.and Aliquat 336 (1.5 g) were dissolved in 125 mL 

25 oftolueneandaddedtoa250-mL3-neck^ 

reflux condenser connected to a nitrogen line. An aqueous NaaCC^ solution (2M, 30 mL) ■ 
was added to the mixture and the flask was purged with nitrogen for 10 minutes. . 
Pd(PPh 3 )4 (0.2 g, Q.5 mol percent) was added to the mixture, which.was then heated to 95 
°G with stirring overnight A solution of diethyldithiocarbamic acid sodium salt trihydrate 

30 (5 percent, 200 mL) was added and the mixture was heated at 80 °C for 16 hours. The 
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aqueous layer was removed and the organic layer, was washed with warm, dilute acteic 
acid solution (2 percent, 3 x 300 mL) followed by warm water (1 x 300 mL), and finally 
dried with MgS(>4. The toluene was removed in vacuo to yield the crude product, which ' 
. was purified by column chromatography on silica gel with hexanes/meihylene chloride as 
5 eluent to yield 7 g (78 percent) of l^,5- tris(9,9«dibutylto 

HPLC showed that the product was >99 percent pure. The 1 ,2,4- tris(9^- 
dibutylfluorenyl)benzene isomer was made essentially as described above except that 
1^,4-tribromobenzene was used as a starting material instead of the 1,3,5 isomer. Each of 
these isomers was used as a viscosity modifier as described in Part B. 

10 B. Preparation of the InkFormulation 

The electroluminescent polymer, viscosity modifier and solvent are combined in a 
single vessel and mixed to obtain a homogeneous solution or inlc The following Table 
shows the concentration of the polymer and the modifier in the solvent In each case, the 
solvent is a mixture of xylene isomers and ethylbenzehe (obtained by J.T : Baker as VLSI 
15 grade mixed xylenes and analyzed as m-xylene, 40-65 percent; oxylene, 15-20 percent; p- 
xylene <20 percent; ethyl benzene, 15-25 percent) at 98 percent wt/wt based on.the total 
weight of the solvent, the polymer, and the modifier. Polymer 1304 refers to 
LUMATION* 1304 green light emitting polymer (a trademark of The Dow Chemical 
Company) and polymer 1 100 refers to LUMATION* 1100 red light emitting polymer, 
' 20 both available from The Dow Chemical Company. VM1 refers to 1 ,2,4-tris(9,9- 

dibutylfluorenylbenzene) and VM2 refers to l,3,5-tris(9 > 9-dibutylfluorenyIbenzene). 
Examples 1 and 4 are comparative examples and, therefore, not within the scope of the 
blend of the present invention. These comparative examples are included to demonstrate 
that fee viscosity modifier does not substantially alter the wavelength emission maximum 
25 of the blend as compared to that of the pure polymer. Furthermore, the data indicate that 
presence of the modifier enhances the efficiency of the. device. 



8 



WO 2004/106458 



Table 



PCT/US2004/015505 



Example # 


Polymer 
(wt/wt%) 


Viscosity 
Modifier 

(wt/wt%) . 


Solution 
Viscosity 

(CPS) 


EL Emission 
max(nm) . 


Device 
Efficiency® 

1000Cd/m r 


1 (comp. ex.) 


1304 (2%) 


none (0%) 


16.02 


536 


634 


2 . 


1304(1.5%) 


VM1 (0.5%) 


8.78 


532 


6.68 


3 


1304(1%) 


VM1 (1%) 


4.18 


532 


6.82 


4 (comp. ex.) 


1100 (2%) . 


none(0%) 




644 


0.738 


5 


1100(1%) 


VM2(1%) 




640. 


0.790 
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WHAT TS CLAIMBD IS: 

I. A composition comprising a blend of 

a) a luminescent polymer having a weight average molecular weight (M*) of at 
least 20,000 and 

b) a viscosity modifier that 

1) is a solid at room temperature; 

2) hasaMwOflessthanSOOO; 

3) has a luminescent emission maximum of 350 to 480 nm; 

. 4) does not substantially diminish charge tran^rtingproj>ertiesofthe 
combination of the modifier and the polymer; and ■ 

5) • contains no exocychc conjugated dbuble bonds; 

wherein the modifier find its concentration in the blend are selected so that the blend exhibits a 
luminescent emission maximum that is within 20 nm of the luminescent emission maximum 
of the polymer alone. 

2. The composition of Claim 1 wherein the viscosity modifier does not contain 
any O, N> or S atoms with delocalized unshared pairs of electrons. 

3 . The composition of either of Claims 1 or 2 which further includes a solvent for 
the luminescent polymer and the viscosity modifier selected from the group consisting of . 
toluene, cyclohexylbenzene, xylenes, mesityiene, tetralin, decalin, methyl benzoate, isopiopyl 
biphenyl, and anisole, and combinations thereof 

4. The composition of Claim any of Claims 1 to 3 wherein the luminescent 

- emission maximum of the blend is whhjn 10 nm of the luminescent emission maximum of the 
polymer. . 
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5. The composition of any of Claims 1 to 4 wherein the viscosity modifier is 
selected from the group consisting of mono-, bis-, and tris-9;9-disubstituted fluorenes; 
fluorenylidenes, andtrifluorenylbenzenes. 

6. The composition of Claim 5 wherein the viscosity modifier is selected from the 
5 group consisting of 1 ,2,4-tris(9^-bisbutji£luorene)benzene and l,3,S-tris(9,9- 

bisbutylfluorene)benzene. 

7. The composition of any of Claims 1 to 6 wherein the polymer contains 
structural units of monomers selected from the group consisting of 9,9-disubstituted fluorene, 
2-methoxyl-5-(2 , -^hyUiexyl)phenylenevinylene; 2,5KUoctyloxy-l,4-ph^yIenevinylene; 2- 

10 silyl-l,4-phenylenevinylene; 2,5-disilyH,4-phenylenevinylene; 3-alkylthiophene; 2,5-dialkyl- 
1,4-phenylenevinylene; 2,5-dialkoxyphenylene; 2,5-diaIkylphenylene; andN-vinylcarbazole. 

8. The composition of any of Claims 1 to 7 wherein the polymer contains 
structural units of a first monomer selected from the group consisting of 9,9-diaIkylfluorene, 
9,9-diarylfluorene, and 9,9-araUcylfluorene, and a second monomer selected from the group 

15 consisting of substituted and unsubstituted tbidphenes, dithiophenes, benzodiathiazoles, 
pxazples, oxadiazoles, benzoxazoles, dlbenzofarans, benzothiophenes, dibenzotfuophenes, 
dibenzositoles, benzidine's, diarylamines, triarylamines, benzenes, biphenylenes, naphthalenes, 
anthracenes, phenanthrenes, styrenes, quinolines, and stilbenes. 

9; A composition comprising a blend of 

20 a) a luminescent polymer having a weightaverage molecular weight (M*) of at 

least 20,000 and 

b) a viscosity modifier that 

'•■ - ■ * ■ 

1) is a solid at room temperature; 

2) has aMv, of less than 5000; 

25 3). hasalumtaescmten^sionmaKimwnof . 
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4)- does not substantially diminish, charge transporting properties of the 

combination of Che modiSer and the polymer, ami 

.5) contains no exocyclic conjugated double bonds; and 

c) a solvent for the luminescent polymer and the viscosity modifier selected from 
5 the group consisting of toluene, cyclohexylbenziene, xylenes„m^ityiene, 

tetralin, decalin, methyl benzoate, isopropyi biphenyl, and anisole. 

wherein the relative amounts of the.modifier and the polymeric compound in the blend are 
such that the blend exhibits a luminescent emission maximum that is within 10 nm of the - 
luminescent emission maximum of the polymer alone/ 

10 10. The composition of Claim 9 wherein the luminescent polymer includes 

structural units of a 9,9-disubstituted fluorene and a monomer selected from the group 
consisting of benzidines dhhiophenes, and berizoihiadiazoies, herein the structural units of 
the 9,9-disubstituted fluorene include substitiients at the 9,9-ppsition selected from the group 
: consistbgofQ-Cizalkyl,^ 

15 substituted biphenyl, and unsubstituted b^)h«iyL ■ 
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overcome. 
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This International Search Report has not been establshed In respect of certain claims under Article 17{2}(a) tor the following reasons: 
1 " D becauee^y rebate to subject matter not required to be searched by this Authority, nsm&y: 



2. I X I Claims Noa * 7—10 

l — ' because they relate to parte of tie International Application that do not comply with the prescribed requirements to such 
an extent 8iat no meartinoiul International. Search can be canted out. specifically: 

see FURTHER INFORMATION Sheet PCT/ISA/210 



D bsc^s^ey 816 dependent claims and are not drafted tn accordance with the second and third sentences of Rifle 6.4(a). 
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This Internattonal Searching Authority found multiple Inventions tn this International application, as toGows: 



1.1 — I Ae ail required additional search fees were fimely paid by the applicant, this international Search Report covers. all 
' I— I searchable claims. 

2. n As aa Bearchabie claims could be searched n/fthout effort Justfrylrto ah addtttonal fee, Ws Aufoortty dd not Invite payment 
— of any additional fee. » 



3 I | As only some of ths required eddjfcnal search fees were emety paid by the applicant, this Intemafional Search. Report 
'I — I OT\raeonVthc^ claims rorwtf^ 



4 T~l No required additional search fees were timer? paid by fits applicant consequently, this mtsmafionai Search Report b 
1 — 1 restricted to the invention flrsrmentkjnad to the da!ms It is covered by claims Nos*: 



Remark on Protest Q The addSonaJ search fees were accompanied by foe appScanTs protest. 

[ | Mo protest accompanied the payment of addBIonaJ search fees. 
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